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APPENDIX P 
HARD PAN I INSTRUMENTATION PLANS 


This Appendix describes the instrumentation of the HARD PAN I series 
of high explosive tests conducted near Trading Post, Kansas in the period 
October 1974 to December 1975... Since Volume I (the Test Plan) of this series 
describes the configurations and objectives of the individual events in con- 
siderable detail these considerations will not be addressed here at length. 


“The HARD PAN series consisted of a total of 17 events, four of which 
were major tests. The first two major events (HP I-1 and HP I-2A) were 
Separated from the final two major events (HP I-2B and HP I-3) by several 
sets of calibration events (SCAL, ICAL, HBL and SICAL) to aid in the final 
design of the main event (HP I-3). With the exception of two of the cali- 
bration events extensive instrumentation was employed tO measure ground and 
structure motions, oi] stress, structure/medium stresses, structural Strains, 
and blast pressure. 


The Appendix is in eight parts and each, except for Part 8, addresses 
an individual major event or a set of similar calibration events. Part 8 
is concerged with instrumentation topics generally common to all of the 


tests. Because of its length the instrumentation appendix is published in 
two volumes. 


PART I 
HARD PAN I-1 EVENT 


Vs TEST SITE LAYOUT 


Figure P-1 is a plan view of the HP I-1 event showing the HEST cavity 
outline in relation to the test structure, the instrumentation holes, and the 
cable trenching. Instrumentation holes are designated by the letter L fol- 
lowed by arabic numerals. 
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2. MEASUREMENT REQUIREMENTS 
a. Elast Pressure 


In order to measure the overpressures developed at the floor sur- 
face of the HEST cavity a total of 20 blast pressure gages were fielded. Six 
of these gages were installed in the top surface of the LER in redundant 
pairs. The other fourteen were arranged along three radials out to a distance 
of 45 ft from SGZ. Table P-1 gives a listing of the blast pressure measure- 
ments, including predictions. Figure P-2 shows the location of the gage 
installations. 


b. Free Field Accelerations 


Acceleration measurements are divided into two groups: free 
field measurements which are beyond a nominal 10 ft from the test structure 
center line or deeper than the base of the structure, and near field 
measurements which are in the immediate neighborhood of the structure. 


Free field acceleration transducers were installed in epoxy canis- 
ters and emplaced in instrumentation holes, drilled either vertically or at a 
nominal angle of 45°. A total of 86 free field acceleration measurements 
were made out to 110 ft in range and 66 ft deep. Table P-2 lists the various 
acceleration measurements in the far field. Elevation views of the various 
instrumentation holes are shown in Figure P-3. Specific measurement numbers 
are identified in this figure, together with instrumentation hole numbers. 
These instrumentation holes are also identified in the plan view of figure P-1. 


c. Structure and Near Field Accelerations 


A total of 57 structure and near field acceleration measurements 
were made. Of these, 26 were in the near field soil and the transducers were 
installed in epoxy canisters. Thirty one measurements were made at various 
places on the structure. The structure transducers were installed in mounts 
built into the structure. 


Table P-3 lists the structure and near field acceleration measure- 
ments. Their locations are shown in figure P-4. 


d. Free Field Velocity 


Twenty velocity transducers were emplaced in the free field at 
locations shown in figure P-3. These measurements are listed in table P-4. 


e. Structure Velocity 


Vertical velocity transducers were attached to built-in mounts 
at seven locations in the interior of the structure as shown in figure P-4, 
In addition, three developmental relative velocity transducers intended to 
measure relative motion between the structure and the surrounding medium were 
fielded. Their locations are also shown in figure P-4. Table P-5 lists the 
measurement numbers and the expected velocities. 


f. Strain Measurements 


During construction of the model structure, redundant sets of 
strain gages were bonded to the steel rebar at various locations. Figure P-5 
shows the locations of those gages which were used for strain measurements 
in the DISC HEST event. A total of 67 steel strain measurements were made. 
These are listed in table P-6. 


g. Structural Relative Displacement 


Four active relative displacement measurements were made. Two of 
these were to measure the vertical displacement of the upper structure 
relative to the lower. The other two were intended to measure the diametral 
distortion of the upper portion of the lower structure. Locations of these 
four measurements are shown in figure P-6, and their listings are in table P-7. 


Additionally, there were a number of passive "scratch" gages in- 


f stalled to measure relative displacements. Four of these gages were intended 


to indicate the relative vertical and radial displacements of the upper 
structure with respect to the lower, and two to indicate the diametral dis- 
tortion of the upper portion of the lower structure. The locations of those 
sensing devices are shown in figure P-6. They are listed in table P-8. 


h. Media Displacement 


Thirty-six media displacement profile indicator rods were installed 


- —— Se - 


in each of two planar arrays extending outward from the structure to a dis- 
tance of 10 ft. These arrays were on opposite sides of the structure and 
each consisted of three rows of twelve rods, each now being buried at a dif- 
ferent depth as shown in figure P-6. 


Accurate pre and post shot measurements of the locations and 
orientation of the indicator rods were to provide a means for determining 
the net displacement profiles of the soil medium resulting from the explosive 
event. 


i. Structure/Medium Displacement 


A total of twelve relative slip gages were attached to the outer 
wall of the upper structure at locations indicated in figure P-6. These 
passive "scratch" gages were intended to show the extent of the relative 
motion of the structure with respect to the surrounding medium. 


j. Stress Measurements 


A total of thirty-six stress measurements were made. Twelve of 
these were to measure stress in the medium surrounding the structure and the 
remainder to measure stress exerted on the structure by the surrounding 
medium. Eighteeen of the latter measurements were of normal stress on the 
structure. The other six measurements were made with a developmental gage 
designed to measure both normal stress and shear stress. 


All stress measurements are listed in table P-9 and their locations 
are shown in figure P-7. 


k. Experimental Measurements (PACI) 


The PACI (Programmable Accelerometer Conditioner Integrator) 
experiment add-on to the HARD PAN I-1 event was an attempt to gather com- 
parative data on ground motion. 


PACI is an electronics package designed for use with a piezo- 
resistive accelerometer. It contains circuitry for calibration, differential 
input amplification, integration, and double integration. 


Three accelerometers were to be fielded. These are identified by 
the basic measurement numbers 901, 902, and 903. Pertinent measurement data 
ye! are listed in table P-10. Locations at which the measurements were taken 
p are shown in figure P-3c. 


Four PACI outputs were to be processed from each of the basic 
accelerometer output signals. They are: (1) amplified acceleration, (2) 
velocity 1, (3) velocity 2, and (4) displacement. 


The integrating circuitry of the PACI package is operable over 
three programmable ranges. Range 1 integrates from 0.5 Hz to gage cut off 
frequency. Range 2 integrates from 5 Hz to gage cut off frequency. Range 3 
integrates from 50 Hz to gage cut off frequency. For the HARD PAN I-1 test, 
velocity 1 used range 2 and velocity 2 used range 3. The displacement output 
also used range 2. 


1. Logarithmic Amplification of Acceleration Siana!s 


For the HARD PAN I-1 test, logarithmic amplifiers were added in 
parallel with the PACI amplifiers to Provide logarithmically amplified 
acceleration outputs. These measurements are identified as 901C, 902C and 
903C. 


3. CHANNEL RECORD ASSIGNMENTS 
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AFWL Instrumentation Vans E-3 and E-5 were used for recording of all 
active instrumentation signals. In both vans recording was done on CEC VR 
3700B 14-track recorders. Signals were multiplexed and recorded as shown in 
tables P-11 and P-12. 
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Figure P-1. HARD PAN I-1 Site Layout 
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Figure P-2. Blast Pressure Gage Locations 
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Figure P-5a. Structure Strain Measurements - 
Upper Structure 
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Figure P-5b. Structure Strain Measurements - 
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Measurement 
No. 
Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
Pg 
P10 
Pl) 
Pi2 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P26 
P30 
P32 


nn aw hr ea Aa AM Nana awn em 


Table P-8. 


Senhawewee ez eae eazeevvre ez eavvres ete 


Loc. 


LER 
LER 
LER 
LER 

NF 

NF 

LER 
LER 
LER 
LER 

NF 

NF 

LER 
LER 
LER 
LER 
LER/LT 
LER/LT 
LER/LT 
LER/LT 
LT/LT 
LT/LT 
NF 

NF 

NF 

NF 

NF 


Passive Gages - Event #1 - HP I-1 


Depth Azimuth Range 
(ft) (Degrees) (Ft) 
2.4 018 3.7 
2.4 112 3.7 
2.4 203 3.7 
2.4 287 a. 
2.4 090 4.5'-10' 
2.4 270 4.5'-10' 
4.5 020 buf 
4.5 115 3.7 
4.5 203 3.7 
4.5 290 3.7 
4.5 090 4.5'-(0! 
4.5 270 4.5'-10! 
6.5 020 3.7 
6.5 105 3.7 
6.5 203 3.7 
6.5 290 3.7 
7.0 015 1.8 
7.0 105 1.8 
7.0 195 1.8 
7.0 285 1.8 
7.5 15-195 1.5 
7.8 105-285 1.5 
8.0 090 4,5'-10' 
8.0 270 4.5'-10' 
0-21 060 6.0 
0-21 300 19.5 
0-21 300 40.0 
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Type 
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ID 
ID 
ID 


Sense 


V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
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R/V 
R/V 
R/V 
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PART 2 
os 
- HARD PAN I-2A EVENT 


1. TEST SITE LAYOUT 


Figure P-8 is a plan view of the event test site showing the HEST and 
BLEST areas, instrumentation Placement locations in the BLEST area, and the 
BLEST overhead cable scheme. Figure P-9 shows the instrumentation hole loca- 
tions in the HEST area, blast pressure gage locations, and the trenching plan. 


23 COORDINATE SYSTEMS 


HARD PAN I-2A used two different coordinate systems to locate points 
in the field. They were a rectangular Cartesian coordinate system with origin 
at one corner (the easternmost) of the HEST cavity, and a cylindrical coor- 
dinate system centered on the structure model. 


In the rectangular coordinate System the positive X-direction was 
2 horizontal at 330° True from the origin, and the positive Y-direction was 
horizontal at 240° True. The positive Z-direction was vertically downward 
¥ from the reference plane at 783.50 ft above mean sea level. 


The origin of the cylindrical coordinate system was at X=24 ft, 
Y=32 ft, and Z=0 ft in the rectangular system. The positive Z-axis is down- 
ward and parallel to that of the rectangular system. Azimuths are measured 
clockwise from 330° True. Range is measured horizontally from the symmetry 
axis of the system. 


Structure and near field measurement point locations are specified 
in the cylindrical coordinate System. All other measurement locations are 
Specified in the rectangular coordinate system. 


3. MEASUREMENT REQUIREMENTS 


- a. Blast Pressure 


Twenty-six blast pressure gages were fielded for the HARD PAN I-2A 
| event. Six of these were installed flush with the upper surface of the upper 


structure in a manner similar to that in the HP I-1 event. The others were 
installed in the HEST area, with the sensing surfaces flush with the floor 
of the HEST cavity. Figure P-9 shows in plan view the gage locations in the 
HEST area. Figure P-10 shows the locations of the blast pressure gages in 
the top of the structure. Table P-13 lists the pertinent blast pressure 
measurement requirements. 


b. Free Field Accelerations and Velocities 


A total of 113 accelerometers and 103 velocity gages were emplaced 
for free field ground motion measurements at locations shown in figure P-9. 
These transducers (in epoxy canisters) were installed at the depths indicated 
in tables P-14 and P-17 in instrumentation holes drilled specifically for 
their placement. Table P-14 lists the pertinent free field acceleration 
measurement requirements and table P-17 the velocity measurement requirements. 


c. Structure and Near Field Accelerations and Velocities 


Seventy-six accelerometers monitored structure and near field 
motions for HP I-2A. Of these, 12 were attached to mounts installed in the 
upper structure, 20 to mounts in the lower structure, and 44 were in epoxy 
canisters in the near field of the structure. Four velocity gages were in- 
stalled in the upper structure and four were in the lower structure. The 
locations of the accelerometers and velocity gages are shown on figure P-10. 
Tables P-15 and P-18 list the measurement requirements for the accelerations 
and velocities, respectively. In addition, two measurements were made of 
the velocity of the upper structure relative to the surrounding media. Re- 
quirements for these measurements are contained in table P-18 and their 
locations shown in figure P-10. 


d. Relative Displacement 


Ten active relative displacement measurements were made in HP I-2A. 
Of these, 4 were to measure the relative diametral distortion of the lower 
Structure at two different depths; 4 to measure the vertical displacement of 
the upper structure relative to the lower; and 2 to measure radial displace- 
ments of the upper structure relative to the lower. The locations at which 
these measurements were to be made are shown in figure P-10. The measurement 


requirements are listed in table P-20. 
e. Strain Measurements 


Strain gages were bonded to the steel rebar at various locations 
in the structure during its construction. Figure P-11 shows the locations 
at which strain measurements were made and table P-16 lists specific 
measurement requirements. 


f. Structure and Near Field Stress 


In the near field, 30 WES SE gages were emplaced to measure 
Stresses (FS) developed in the media. Sixteen WAM interface pressure gages 
measured normal stresses between the medium and the structure. Four CERF 
interface stress gages measured both normal stress (IS-R) and vertical 
shear (IS-VS). The location of each of the measurement points is shown in 
figure P-10. The measurement requirements are listed in table P-2). 


g. BLEST Field Acceleration and Velocity Measurements 


Three velocity measurements were made at each of four locations 
in the BLEST field. These measured motions at a depth of 23 ft in the 
vertical, horizontal (X), and transverse (Y) directions, respectively. The 
measurement requirements are listed in table P-19 and the measurement loca- 
tions are shown in figure P-8. 


Sixteen measurements of vertical acceleration were made at the 
Surface of the BLEST field. Table P-22 lists the measurement requirements. 
The accelerometers will be mounted in the bases of the photo poles to be 
deployed in the BLEST field at locations shown in figure P-8. 


h. Experimental Measurements 


Eighteen experimental measurements were made for HP I-2. These 
included six blast pressure measurements to be made in the HEST cavity 
using S* transducers embedded in surgical gel in depressions in the cavity 
floor, and one blast pressure measurement using a piezoelectric polymer 
transducer, also embedded in surgical gel. 


Two other piezoelectric polymer gages were emplaced at a depth 
of 6 ft to measure soil stress and acceleration, respectively. These were 
located outside of the BLEST area. 


4] 
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To obtain seismic motion data three orthogonal acceleration 
measurements were made at each of three locations along, roughly, a radial 
extending northward from the model structure at distances of 860, 1540, and 
2700 ft. 


The measurement requirements for the experimental measurements are 
listed in table P-23 and their locations (except for the seismic) are shown 
in figures P-8 and P-9. 


ij. Passive Measurements - Structure and Near Field 


Figure P-12 indicates the locations at which passive measurements 
were made in the structure and near field. These measurements are also listed 
in table P-24. 


Two planar arrays of profile indicator rods at 020° and 290° were 
to be augmented by three layers of colored sand extending outward from the 
model structure at 110° for media displacement (PR) data. Twelve relative 
slip gages measured interface displacement (ID). 


Three penetrations (C) of the upper structure were modelled. 
These were at 6.5 ft below the surface at 030°, 120°, and 300°. Four 21 ft 
holes were drilled for water level measurement (W) prior to test execution. 


Four relative displacement gages were installed to measure dia- 
metral distortion of the lower structure at 8.2 and 12 ft depths. Four 
relative displacement gages measured relative movement between the lower 
and upper structure. 


j. Passive Measurements - Free Field and BLEST Field 


Table P-24 lists the passive measurement requirements for the 
Free Field (HEST area) and the BLEST field. Measurement locations are as 
indicated in figures P-8 and P-9. 


In the HEST area three grout colums extended to a depth of 60 ft 
to measure horizontal media displacements. Also in the HEST area were 
emplaced a total of eight splice cases to test the ability of standard splices 
to withstand high stress and motion environments. 


ee The passive measurement configurations in the BLEST field consisted 
of 24 sand columns ranging in depth from 6 ft to 13.5 ft. Metal plates (4 in 
| by 4 in) were placed in these sand columns at 6 in intervals. Each of these 
- plates was positively identified by sand column number and vertical depth. 
This series of measurements was intended to trace the BLEST overburden 
movement. 


k. Photo Poles 


Nineteen photo poles were fielded in locations shown in figure 
P-8. Sixteen of them were in the BLEST field and three in the HEST area. 
Except for two in the HEST area each 6 ft pole extended vertically upwards 
from a flat 2 ft by 2 ft plate resting on the surface of the ground or 
overburden. 


Photo pole F17 was supported hy a column extending through the 
HEST cavity to a depth of 2 ft below the cavity floor. At that depth it 
was supported by the standard flat plate. Photo pole F18 was supported by a 
column extending through the HEST overburden to a flat plate resting on the 
bottom of an overburden sand box. 


4. CHANNEL RECORD ASSIGNMENTS 


AFWL Instrumentation Vans E-1, E-3, and E-5 were used for the record- 
ing of all active instrumentation signals. Signals were multiplexed and 
recorded as shown in tables P-27 through P-30. 
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Figure P-10. Structure and Near Field Motion and 
Stress Measurements - HP I-2A (000° and 
180° Radials) 
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Measurements - HP I-2A (090° and 270° Radtals) (Continued) 
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| | Figure P-10. Structure and Near Field Motion and Stress 
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Figure P-11. Steel Strain Measurements - HP I-2A 
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Figure P-11. Steel Strain Measurements - HP I-2A 
(090° and 270° Radials) (Continued) 
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yl Table P-26. Photo Poles - HP I1-2A 


Pole No. X (ft) Y (ft) Comments. 
FI 302.2 32.0 
F2 298.8 32.0 
F3 275.3 32.0 
| FA 271.6 32.0 
| | FS 238.8 32.0 
| | F6 236.0 32.0 
| | F7 199.8 32.0 
| F8 196.9 32.0 
Fg 166.8 32.0 
| F10 163.5 32.0 
FI 118.2 32.0 
F12 114.6 32.0 
F13 76.5 90.1 
F14 | 72.3 90.1 
3) ee 43.8 | 92.9 
FI6 39.0 ; 92.9 
, FIT 54.0/ 32.0 
| a 48.0 32.0 


F19 42.0 32.0 
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RECORD ASSIGNMENT TABLE - VAN 3 - RECORDER 2 - HP I-2A 


Table P-29. 


DATA BANDWIDTH (kHz 


327 | 308 | 329) 
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PART 3 
HARD PAN I SCAL EVENTS 


te DESCRIPTION OF SCAL TESTS 


The SCAL series is composed of four single shot tests. In each of 
them a 50 1b charge of ammonium nitrate slurry was detonated. The charges 
were placed at a depth of 3 ft below the existing ground surface, the 
explosive holes were backfilled and overburden laid on the surface to a 
depth of 3.75 ft. To insure uniformity in the overburden, it was laid in 
several courses and compacted between each course. The radius to which the 
overburden was deposited was such as to insure that the resulting crater 
was within the overburden. Two of the SCAL shots (SCAL II and SCAL IV) were 
decoupled ones. For these events the 50 1b AN slurry charge was placed 
at the bottom of a 55 gal drum to provide a decoupling cavity. The charge 
center on these shots was at the same depth below the overburden surface as 
for the coupled SCAL tests. Acceleration and soil stress instrumentation 
were used to evaluate the test results. Photographic coverage was also 
provided. 


2. SCAL I INSTRUMENTATION 


Six accelerometers and four soil stress gages were fielded for the 
SCAL I test. Their locations in plan view are shown in figure P-13. Table 
P-31 lists the measurements and their coordinates together with predicted 
measurand peak values and gage information. 


Although only ten transducers were fielded, a total of 34 channels of 
data were recorded. A PACI amplification and integration package was used 
with each of the accelerometers to yield an amplified acceleration signal and 
a velocity signal. Solid state PACI amplifiers were also used to amplify the 
soil stress signals. Some of the signals were recorded on a recorder located 
at the splice bunker in order to obtain higher frequency response through the 
use of shorter lines. Table P-32 lists these various measurement recordings 
and table P-33 presents the record assignments in tabular form. 
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3. SCAL II INSTRUMENTATION 


In the SCAL II test six accelerometers and five soil stress gages were 
fielded. The measurement locations are shown in plan view in figure P-14. 
The basic measurements are listed and described in table P-34. 


A total of 32 signals were recorded as described in table P-35. 
Again, these were recordings of the basic signals processed in various ways 
as described in the table. Table P-36 is the record assignment for the test. 


4. SCAL III INSTRUMENTATION 


In the SCAL III test 26 stress measurements and 9 acceleration measure- 
ments were made at locations shown in P-15. In addition, 9 strong motion 
seismic (acceleration) measurements were made. These basic measurements 
are listed in table P-37. 


A total of 92 signals were recorded, as listed in table P-38. These 
were, as before, recordings of various treatments of the basic transducer 
outputs. Table P-39 is the record assignment in tabular form. 


5. SCAL IV INSTRUMENTATION 


Ten accelerometers and nine soil stress gages were fielded in the 
SCAL IV test. In addition, 3 strong motion seismic measurements were made 
at each of three locations. The basic measurement locations are shown in 
figure P-16 and their descriptions are contained in table P-40. 


Thirty five signals were recorded as shown in table P-41. Redundant 
recordings were made of the WES SE soil gage outputs only. Table P-42 is 
the record assignment table for this test. 
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Figure P-13. SCAL I Instrumentation Layout 
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Figure P-14. SCAL II Instrumentation Layout 
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Figure P-15. SCAL III Instrumentation Layout 
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Figure P-16. SCAL IV Instrumentation Layout 
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Table P-42. 
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NOTE 


PART 4 
HARD PAN ICAL EVENTS 


o. DESCRIPTION OF TESTS 


The ICAL series of events is a set of four tests involving the detona- 
tion of nine buried charges in simulation of a portion of a BLEST array. The 
objectives of the tests are to (1) evaluate the empirical impulse prediction 
procedures for the HARD PAN I site and (2) to verify the impulse simulation 
for the major areas of the HARD PAN I-3 impulse design. 


In each of the test events the ammonium nitrate slurry charges were 
buried to a depth (center of charge) of 3.0 ft below the existing grade. The 
area containing the charges, and to a distance of 15 ft beyond, was overlaid 
with surcharge to a depth sufficient to take the total depth of burial to 
that listed in table P-43. 


Table P-43. ICAL Event Parameters 


Event Spacing Depth Charge Size Impulse 
(ft) (ft) (1b) (psi-sec) 
ICAL I 8 6.75 50 19.2 
ICAL II 10 6.75 50 7.8 
ICAL III 7 6.75 50 12.5 
ICAL IV 7 8.4 100 21.4 


All four of the tests were heavily instrumented to obtain motion and 
soil stress measurements. In addition, on two of the events (ICAL III and 
IV) small cylindrical test structures were emplaced. These structures were 
instrumented to yield soil medium interaction data. These structures and 
their placements are described elsewhere.* 


In order to determine the efficacy of backfill techniques, 3 of the 


*Memorandum for the Record, Subject: 2X3 Cylindrical Test Structures for Use 
“jn ICAL and HBL Events, P. J. McNickle, 7 March 1975 (AFWL/DEV). 
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ICAL events (ICAL I, II and III) included backfill experiments. Figure P-17 
shows a cross section of the 6 ft deep backfill hole with soil stress gage 


placement. 


2. INSTRUMENTATION 
a. Transducer Location 


Figures P-18 through P-25 present plan and elevation views for each 
of the four ICAL events. Instrumentation holes are identified by a double 
digit number preceded: by the letter L. Transducer locations are shown in these 
figures together with the corresponding measurement numbers. 


b. Measurement Lists 


Tables P-44 through P-47 are the measurement lists for the ICAL 
events and list transducer locations, type of measurements, predicted levels, 


and other pertinent data. 
c. Measurement Recording 


Van E-9 was used for recording and signal conditions of all measure- 
ment signals. All signals were recorded at 60 inches per second. At that 
tape speed the bandwidth capability was 20 KHz. Tables P-48 through P-51 
present the measurement recording data. 
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PART 5 
val HARD PAN HBL EVENTS 


Me DESCRIPTION OF HBL I 


The HBL I test consisted of the detonation of sixteen 50-1b ammonium 
nitrate slurry charges arranged in a 4 x 4 array at a depth of 3 ft below the 
existing grade. Surmounting the array was an added layer of surcharge 4.75 ft 
deep. The test was conducted as part of the program to evaluate the differences 
and similarities between HEST and BLEST induced ground motions and stresses. 


Four small instrumented structures were included in the test configuration. 
These structures were similar to those included in the HBL III test and several 
of the ICAL tests. 


2. INSTRUMENTATION OF HBL I EVENT 


In the near field and free field there were a total of 5] accelerometers 
and 19 soil stress gages. Four of the photo poles used to record motion of the 
overburden had accelerometers attached to their bases. 


The structures were instrumented (at shot time) with an aggregate of 11 
WAM gages to measure normal stresses at the interfaces between structure and 
medium. There were also a total of five accelerometers between the four 
structures. 


Figures P-26 and P-27 present plan and elevation views of the test con- 
figuration showing locations of each of the measurement transducers. Tables ) 
P-52 and P-54 are the measurement jist and the measurement recording list for 
the event. 


| 
| | 3. DESCRIPTION OF HBL II 


The HBL II test consisted of the detonation of forty-nine 100-1b 
| ammonium nitrate slurry charges arranged in a 7 x 7 array at a depth of 4.67* 
ft below the existing grade. Surmounting the array was an added layer of sur- 
charge 3.75* ft deep. The test was conducted as part of the program to 
evaluate the differences and similarities between HEST and BLEST induced 


| 
*Shown incorrectly in figure P-29. 


ground motions and stresses. 


Four small instrumented structures were included in the test configura- 
tion. These structures were similar to those included in the HBL III test and 
several of the ICAL tests. 


4. INSTRUMENTATION OF HBL II EVENT 


In the near field and free field there was a total of 42 accelerometers 
and 19 soil stress gages. Four of the photo poles used to record motion of the 
overburden had accelerometers attached to their bases. 


The structures were instrumented with an aggregate of 12 WAM gages to 
measure norma] stresses at the interfaces between structure and medium. There 
was also a total of 8 accelerometers between the four structures, and two 
strain gages on one of the structures. 


Figures P-28 and P-29 present plan and elevation views of the test 
configuration showing locations of each of the measurement transducers. 
Tables P-54 and P-55 are the measurement list and the measurement recording 
list for the event. 


5. DESCRIPTION OF HBL III 


The HBL ITI test consisted of the detonation of a 48 ft x 48 ft HEST 
array to evaluate the differences and similarities between HEST and BLEST 
induced ground motiens and stresses. The HEST cavity was 1.5 ft deep and 
explosively loaded with detonating cord in a three dimensional fishnet weave 
to a density of 0.75 lb of PETN per cubic foot. The pitch of the detonating 
cord was designed to yield a constant horizontal propagation velocity of 
12,200 feet per second. The explosive joading of the cavity, its depth, and 
the 4.4 ft depth of overburden were calculated to yield 2 peak cavity over- 
pressure of 2700 psi. Figures 1 and 2 show plan and elevetion views of the 
event configuration. 


Four small instrumented test structures were included in the test 
configuration. These structures were similar to those fielded in several of 
the ICAL tests. 
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ge! 6. INSTRUMENTATION OF HBL III EVENT 


HBL III was heavily instrumented with motion and stress measuring 
transducers. In the near field and free field there were a total of 60 
accelerometers, 24 soil stress gages, and 12 blast pressure gages (of 
which three were experimental). 


The structures were each instrumented with 2 accelerometers and 3 
WAM gages. In addition, one of the structures included 2 strain gages. 
Locations of the various transducers are shown in figures P-30 and P-31. 


Table P-56 is the measurement list for HBL III and table P-57 is 
the measurement recording list. 
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Elevation View of HBL I Site 


Figure P-27. 
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DDR&E 
2 cy ATIN: 


JSTPS 
ATIN: 


DISTRIBUTION LIST 


Hq. USAF 
TC ATIN: PREE 

2 cy ATTN: RDQS 

AUL 
SPSS ATTN: LDE 

SAMSO 
Asst. Dir. Strat. Wpns. ATIN: Lib. 

5 cy ATTN: MNNH, Capt Kaiser 
JLTW CERF 

2 cy 
DOB Civ. Nuc. Sys. 

ATIN: Dr. Crawford 

HO, Dr. Minge GE-Tempo 
DEV, Capt McGrath ATTN: DASIAC 
DEP, Capt McNickle ATIN: Dr. Doran 
SUL 
DEX TRW Sys. Gp. 
DEV ATIN: Tech. Lib. 

2 cy ATTN: Dr. Farrell, R1/2178 
DEE 
XPQr 


Official Record Copy, Capt McNickle, AFWL/DEP 


